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Introduction 406683 

A 20 hour and a 72 hour continuous-flow bioassay were conducted on the 
Pennwalt West Plant effluent to determine i t s toxici ty to fathead minnows, 
Pimephales promelas. Pennwalt discharges treated wastes along with cooling 
water to Mongugan Drain. • Mongugan Drain then enters the Ppfrnif n̂î TP•r 
downstream from the West Plant effluent. 

Methods 

The Michigan Water Resources Commission's mobile bioassay laboratory 
was used to conduct the study. The laboratory u t i l izes ' rece iv ing water 
and i n d u s t r i a l discharges to create continuous-flow tes t solutions which 
closely simulate the waste concentrations to be expected at various 
distances downstream from the discharge. A more detailed description of 
the methods employed in th i s bioassay appears as Appendix 1. 

Dilut ion water used in th is t es t was obtained from Pennwalt's intake 
on the Detroi t River. Pennwalt uses this water in i t s cooling and f i re 
systems in the p lan t . Previous to and during this t e s t , chlorine was 
detected in th i s water supply, therefore, the di lut ion water had to be 
dechlorinated to insure surviva l of fish held in this water. Dechlorination 
was achieved by continuously adding a small amount of .a 0.00625N sodium 
th iosu l fa te to the d i lu t ion water before i t entered the t e s t container. 

Grab samples of the effluent and diluent were taken throughout the course 
of the study to monitor dissolved oxygen, pH, conductivity, temperature, 
a l k a l i n i t y , hardness, and t o t a l residual chlorine (Appendix 2), These 
determinations were performed in the bioassay t r a i l e r by Water Resources 
Commission (WRC) personnel. More complete chemical analyses were made 
on the grab samples in the WRC Lansing Laboratory (Appendix 2) . 

An automated water qual i ty monitor was operated during this study. 
This monitor continuously recorded pH, temperature and conductivity of 
the eff luent and pH and temperature of the dilution water (Appendix 3) . 

The f i r s t bioassay (20 hours) had tes t concentrations ranging from 
2.10 to 25.00 percent ef f luent . The second bioassay (72 hours) had tes t 
concentrations ranging from 0.42 to 5.00 percent effluent. 
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Test Results - F i i r s t Bidassav 

After 20 hours of exposure fathead minnows could not survive in 
a 4.15 percent concentration of effluent. Only 40 percent survival 
was noted in the 2.10 percent effluent concentration (Table 1) . All 
of the control f ish appeared to be in good physical condition. 

Table 1. Percent surviva l of the fathead minnow after exposure to 
Pennwalt West Plant effluent. " 

Percent effluent 
Percent surTival/exposure period 

20 hours 

25.00 
22.40 
20.80 
18.70 
16.65 
14.55 
12.50 
10.40 

8.30 
6.25 
4.15 
2.10 
0.00 

a l l dead <6 1/2 hours 
II I t I t 

a l l dead < 20 hours 
40% 

100% 

During this exposure of fathead minnows to various concentrations 
of Pennwalts waste" extreme changes were noted in the conductivity and 
pH of the waste (Appendix 3 ) . Starting at 3:00 PM June 14, the pH went 
from 9.0 to 10.1 then dropped to 2.4 by 6:30 PM. the conductivity 
during this time period went from 500/A mhos to 2000 j * mhos, A grab 
sample of the waste taken a t 6:30 PM this same day fai led to detect any 
high concentrations of tox icants . Due to the high mortality in the lowest 
eff luent concentration another bioassay was s tar ted Jxme 15 a t 8:00 AM. 
Test concentrations in this" bioassay ranged from 0.42 to 5.00 percent 
e f f luen t . •- ^ 

Bioassay "Results - Second Test 

Fathead minnows subjected to the Pennwalt West Plant effluent for 
72 hiours incurred s ign i f i can t mortality in effluent concentrations as 
low as 2.91 percent effluent (Table 2) . ' ;; , / . . . ; ? , . _ . . . - , -•• 
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Table 2. Percent survival of the fathead minnows af ter exposure to 
Pennwalt West Plant e f f luent . •- -• : - -- , - - . • -- . • . : . ' 

Percent survival/exposure period 
Percent effluent 

5.00 
4.16 
3.74 

, 3.33 
.2.91 
2.50 
2.08 
1.66 
1.25 
0.83 
0.42 
0.00 (control) 

24 hours 

90 
100 
90 
100 
100 
90 
80 
100 
100 
100 
100 
100 

48 hours 

30 
80 
70 
70 
50 
80 
70 
100 
90 
100 
100 
100 

72 hours 

10 
70^ 
40 
50 
50 
60 
70 
90 
90 
100 
100 
100 

Note 1. Effluent tubes were pluged so fish were subjected lower effluent 
concentra t ions . 

Fish exposed to concentrations above 1.66% exhibited sublethal effects 
or s t r e s s symptoms such as : i r r a t i c swimming, inab i l i t y to keep their 
pos i t ion in the water column and general physical appearance different 
from control f i sh . The TL-50 for 96 hours was approximately 2.91 percent 
e f f luent . Extreme changes in conductivity and pH were also noted during 
th is t e s t . The greatest mortal i ty occurred June 16, at approximately 
3:00 PM. At 2:00 PM the pH went from 8.2 to 9.2 then dropped to 2.3 by 
5:30 PM. At 3:20 PM on June 16, an effluent grab sample was taken which 
contained 170 mg/l of ammonia-nitrogen. This extremely high concentration 
of ammonia-nitrogen with the rad ica l pH change would account for the acute 
tox ic i ty of Pennwalt's waste. 

Discussion 

The Pennwalt West Plant eff luent i s extremely toxic to fathead 
minnows. 'This toxici ty in low effluent concentrations occurred when 
the pH would increase by one u n i t for approximately two hours then 
decrease to 2 .5- in less than one hour. This increase in pH was accompanied 
by an increase ' in-conduct iv i ty . ^̂  The only effluent sample taken when the pH 
increase occurred showed 170 mg/l of ammonia-nitrogen present. The toxici ty 
of ammonia-nitrogen increases with an increase in pH. 

During th i s survey not iceable amounts of surface o i l was observed 
where the Pennwalt effluent i s discharged. Analyses of waste samples 
for ex t rac tab le o i l s ranged from 1.6 to 4.6 mg/l. 

The estimated average flow of Pennwalt's effluent during this survey 
was 5,9 mil l ion gallons per day (9 .1 cfs) . 
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Summary 

1. Two cont inuous-f low b ioas says were conducted on the Pennwalt 
Chemical Company West P l a n t e f f l u e n t on June 14-18, 1971. . 

2 . Fathead minnows could no t survive In a 4.10 percent e f f l u e n t 
c o n c e n t r a t i o n for 20 hours ( f i r s t t e s t ) , :-.;?' 

3 . • After"twenty" hours of exposure only~40 percent surv ived the 
2 .10 pe rcen t e f f l u e n t c o n c e n t r a t i o n . This was the lowest e f f l u e n t concen
t r a t i o n used i n t h e f i r s t b i o a s s a y ( f i r s t t e s t ) . 

4 . During exposure of f a thead minnows t o variotis concen t ra t ions of 
P e n n w a l t ' s was te extreme changes were noted i n the conduct iv i ty and pH 
of t h e waste ( f i r s t t e s t ) . 

5 , Fathead minnows s u b j e c t e d to the Pennwalt West P lan t e f f luen t for 
72 hours i n c u r r e d s i g n i f i c a n t m o r t a l i t y in e f f luen t concent ra t ions as 
low as 2 , 9 1 pe r cen t e f f l u e n t (second t e s t ) . 

6, S u b l e t h a l e f f e c t s of the waste on f i sh were apparent i n concen
t r a t i o n s of was te as low as 2.08 percent (second t e s t ) . 

7. Extreme change i n conduc t iv i ty and pH were a lso noted during the 
b i o a s s a y (300 >i mhos to 5,000 _;i mhos and 2 .2 to 9.6 r e spec t i ve ly ) 
(second t e s t ) . 

8, At 3:20 PM June 16 , 1971, ammonia-nitrogen was p r e s e n t In the 
e f f l u e n t a t a concen t ra t ion of 170 mg/l (second t e s t ) , 

9 , The e r r a t i c pH and high concentra t ion of ammonia-nitrogen i n the 
w a s t e were t h e most probable causes of the observed t o x i c i t y (second t e s t ) . 

10 , These b ioassays show t h a t Pennwalt 's West Plant e f f l u e n t i s 
t o x i c to t h e a q u a t i c environment. 

F ie ld work by : George Jackson, Conservation Aide 
Mark Wuerthele, Aquatic B i o l o g i s t 

. „ . Repor t b y : Mark Wuerthele : . : . r 
. _ , ._, Water Quali ty Appraisal Sec t ion 

.,- ._._....,.. -.:..̂ - . .,, - . - ; ; - - - . r- Water Resources Commission 
.Hq s a j ' ^ - d w o ^ i l ^ ^ I ^ J - ^ t V : ^ : : i ' L.Michigan Department .of N a t u r a l Resources 

mf ' "" ."' " ' " ~ ' ' 
J u l y 14, 1971 -
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58.33 

= Tube from Standpjpe '. 

NOTE- All Figures Are 
Percent EfMuenf 

! . . . , , . . I . . . _ .: 

EFFLUENT 
(WASTE) 

DILUENT \ 
(RECEIVING V/ATER) 

75.00 

91.66 

\ 

83.33 

\ 

91.66 

5000 

16.66 

m 
16.66 

25.00 

8.33 

8.33 

1 l i . 

0.00 

s. 
•g 

•-• I • . 



Appendix 3. Water Qual i ty data from the Pennwalt C h e j ^ a l Company West P lan t e f f l u e n t . 
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Appendix 3. Water Quality W t a from the Pennwalt Chemical Sffpany West Plant effluent. 

T 1 1 1 1 1 1 1 < 1 1 1 1 r 

- 0 -h ..;,.> 

T r T 1 1 TT: r 

H 

'̂-.' 

J L. - 1 I I ' ' l _ 

' ''\ n 

J L 

m 

SAM noon 

\ ^ 

4PM 

June 15, 1971 

8PM midnight 

-X 

pH -
\n/•111 r f-i v1 rv — 

read direct 
X son II mho 

4AM 

« 

June 16, 1971 

SAM 



3 3 = • « « • • « J ^{•juxj. L.J—UUI.U—i. 1 uiii—c-rrc—i ciiiiwdxi. v..iicmj.caj. uuiiiptniy wesL t'xanc eccxuent . 

12 

10 

SAM 

< -

noon 4Phf 

June 16, 1971 

SPM midnight 

- ^ ^ 

4AM 

June 17, 1971 

BAÎ  
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Appendix 3 . Water Qual i ty da ta from the Pennwalt Ciiemical Company vveat P l an t t i r i i u tu i . . 
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